Uveitis is an important cause of vision loss worldwide due to its sight-threatening complications, especially cystoid macular edema, as well as choroidal neovascularization, macular ischemia, cataract, and glaucoma. Systemic corticosteroids are the mainstay of therapy for noninfectious posterior uveitis; however, various systemic side effects can occur. Intravitreal medication achieves a therapeutic level in the vitreous while minimizing systemic complications and is thus used as an exciting alternative. Corticosteroids, antivascular endothelial growth factors, immunomodulators such as methotrexate and sirolimus, and nonsteroidal anti-inflammatory drugs are currently available for intravitreal therapy. This article reviews the existing literature for efficacy and safety of these various options for intravitreal drug therapy for the management of noninfectious uveitis (mainly intermediate, posterior, and panuveitis).
Introduction
Uveitis is an important cause of vision loss worldwide and is the third leading cause of vision loss in developed countries. 1, 2 Uveitis is classified on the basis of the location of inflammation into anterior (iritis, iridocyclitis, and anterior cyclitis), intermediate (pars planitis, posterior cyclitis, and hyalitis), and posterior (focal, multifocal, or diffuse choroiditis, chorioretinitis, retinitis, and neuroretinitis). Panuveitis involves the inflammation of the anterior chamber, vitreous, retina, and choroid. Anterior uveitis is the most commonly encountered entity, and posterior uveitis constitutes 15%-22% of all cases of uveitis. Posterior uveitis is the most difficult to treat due to challenges encountered in delivering efficacious levels of therapeutic agents and can lead to visual morbidity. 3 The goals of therapy in noninfectious uveitis (NIU) are to control inflammation, minimize recurrences, and prevent the occurrence of sight-threatening complications secondary to the disease or the therapy itself. The sight-threatening complications of chronic NIU include cystoid macular edema (CME) and choroidal neovascularization (CNV), with CME being the most common. 4 Currently, systemic immunomodulation with oral corticosteroids is the mainstay of treatment to control the inflammation. Systemic steroid sparing immunomodulators such as antimetabolites (methotrexate, azathioprine, and mycophenolate mofetil) and calcineurin inhibitors (cyclosporine and tacrolimus), among others, are often included in the treatment plan. 5 Although oral corticosteroids and immunomodulatory therapy are able to effectively control inflammation in the eyes, a number of systemic and ocular side effects ivTA injection IVTA is able to effectively deliver corticosteroids to the vitreous and retina while avoiding the side effects associated with systemic therapy. Studies on IVTA have mainly evaluated its effect on uveitic CME as well as Behçet's disease. Tables 1-4 provide the summary of studies regarding IVTA.
In a retrospective noncomparative interventional case series of 65 eyes, Kok et al reported the effects of 4 mg/0.1 mL IVTA on uveitic CME in the short term. 8 It was found that best-corrected visual acuity (BCVA) improved at a mean 
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01). Efficacy of repeated injections was similar
Notes: Data presented as mean ± SD. "-", data not available; ±, treatment was or was not administered based on physician's discretion; , treatment administered. Abbreviations: BCvA, best-corrected visual acuity; CS, corticosteroids; ivTA, intravitreal triamcinolone acetonide; Me, macular edema; vA, visual acuity.
of 4 weeks with the improvement being greater in younger patients as well as in those who had CME for a shorter period of time. About 54.5% of eyes were able to have their systemic medications reduced or stopped during the study duration with the mean follow-up time being 8 months.
The main adverse ocular event observed was raised IOP; 43.1% of patients experienced a raise in IOP 10 mmHg but none required surgery, and 14.3% of patients with clear lens developed cataracts, whereas 11.8% of patients with preexisting cataracts experienced exacerbation during the mean follow-up period of 17.1 months. Eyes with a shorter mean follow-up period of 7 months did not show any lens changes. This is most possibly due to the likelihood of increased injections in the eyes with a longer follow-up period. Limitations of this study would be that it was a nonrandomized and uncontrolled study with variable follow-up periods.
In another retrospective case series of 49 eyes with Behçet's disease with a standardized follow-up period of at least 24 months, Park et al reported that 4 mg/0.1 mL of IVTA improved the BCVA in these eyes, which had been previously unresponsive or intolerant to systemic medications. 9 After a median of 49 days, inflammation was under control as evident by the absence of vitreous haze (VH) in 87% of eyes. However, 60% of these eyes relapsed before 12 months post-IVTA, and the mean time for uveitis recurrence was 210 days. With repeated injections, there was no statistically significant difference in the BCVA change in eyes with single versus multiple injections. Systemic medications were reduced or stopped in 49% of patients after 24 months. Side effects reported include cataract formation that was observed in 62% of phakic eyes after repeated injections as well as raised IOP in eyes with and without preexisting raised IOP. The effect of repeated IVTA injections on IOP was not evaluated in this study, as eyes with a significant raise in IOP following the initial injection did not receive a repeated injection. Tuncer et al also performed a retrospective case series of 18 eyes with panuveitis secondary to Behçet's disease, which did not respond or were intolerant to systemic medications. 10 The authors reported that there was an increase in mean BCVA following the injection. Resolution of intraocular inflammation was also achieved after a mean of 25.4 days. Retinitis, vasculitis, as well as macular edema were resolved at the end of 1 month. However, recurrence of uveitis occurred at a period of 10-18 months. Similar to the previous studies, the dose for systemic corticosteroids was tapered down at 1-5 months, resulting in the improvement in cushingoid features. Ocular adverse events of cataracts and raised IOP were also observed.
Given that the studies have shown that repeated IVTA injections are likely to be required in the treatment of NIU due to its short duration of action, there have been concerns regarding the effects and safety of repeated IVTA injections. Sallam 
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intravitreal drugs for uveitis at least two IVTA injections. 11 There was a statistically significant improvement in BCVA following each injection with no evidence of reducing efficacy with repeated injections. The majority of eyes had raised IOP, but there was no increase in the degree of change in IOP with each repeated injection. However, repeated IVTA injections were associated with increased cataract formation in all phakic patients (100%). Importantly, patients were followed up for only 3 months after their last IVTA injections so the variable follow-up time may have affected the results, possibly resulting in an under-representation of ocular adverse events.
In summary, based on the literature review, it is found that IVTA can achieve improved visual acuity and inflammation control acutely but that repeated injections are needed to maintain the effects. It is also important to look out for the associated ocular adverse events such as cataract formation, which are more prominent with repeated injections, as well as increased IOP. Therefore, IVTA can be useful in NIU where patients are intolerant or nonresponsive to systemic medications and is also advisable in unilateral disease. Typically in bilateral patients, systemic immunosuppression is considered by most uveitis specialists.
Corticosteroid implants
The corticosteroid implants are able to maintain a sustained release of steroids over a prolonged period of time. This therefore decreases the need for repeated administration, such as in IVTA injections. Various implants have different properties, which are elaborated in the following subsections.
mg FAi
The 0.59 mg FAi (Retisert ® ; Bausch & Lomb Inc.) is an FDAapproved nonbiodegradable implant that is designed to maintain a sustained release of drug for ~30 months.
12 Tables 5-8  provide the summary of the studies regarding this implant. The Multicenter Uveitis Steroid Treatment (MUST) trial is the largest randomized comparative trial to date regarding the efficacy, safety, and impact on quality of life of the FAi in comparison with systemic immunosuppression. 13 About 479 uveitic eyes of 255 patients were observed over a period of 24 months. Both interventions resulted in improved BCVA with a larger absolute increase in mean BCVA in eyes treated with the FAi at all the time points. However, the difference was not statistically significant. Intraocular inflammation control was also achieved in most eyes by 9 months in each intervention. However, the implant achieved an increased frequency and rate of control compared with the systemic immunosuppression. The FAi was able to achieve resolution of macular edema in significantly more eyes than systemic treatment at 6 months, but this difference was not maintained at 24 months. Regarding adverse effects, patients treated with the implant were four times more likely to have an increased IOP, absolute IOP of 35 mmHg and increased need for medications and surgery to lower the IOP while 17% of eyes developed glaucoma. Friedman et al identified associations between raised IOP and black race, and uveitis activity and use of the implant. 14 Cataracts developed in almost all the phakic eyes at the end of 24 months. As for systemic side effects, patients on systemic therapy had higher risk of a systemic infection requiring medications, but there was no significant increase in the risk of hospitalization. Vision-related quality of life was superior in patients with FAi at 6 months, but this advantage narrowed by the end of 24 months with minimal difference between the two.
In the 36-month follow-up to the original MUST trial, the FAi and systemic immunosuppression were similarly efficacious in improving the visual outcomes of the patients. 1 However, there was no significant improvement of the mean BCVA at 54 months as compared to the baseline in either treatment arms. Lastly, macular edema was noted to improve significantly with the use of FAi in the first 6 months. However, with longer follow-up, the improvement in macular edema in both treatment arms was equal. The persistence of macular edema can potentially cause irreversible damage to the macula. The implant therapy may have an advantage in this area, as it is able to resolve macular edema to a greater extent initially. However, since there were no statistically 
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Tan et al significant differences in BCVA, the advantage conferred is unlikely to be significant. Interestingly, only 10% of the uveitic eyes received two or more implants in this entire 54-month trial even though the estimated duration of action of FAi is 2.5-3 years. Long-term studies are required to investigate whether this was due to the implant working for an extended duration or whether it is because the implant resulted in extended remission of uveitis.
In a randomized controlled phase 2b/3 open-label multicenter superiority trial by Pavesio et al 15 comparing the effects of FAi to the standard care (systemic steroids and/or immunosuppressive agents) with regard to time to first recurrence of uveitis, it was found that the uveitis recurrence number and the median time to recurrence were significantly lower with the use of FAi. However, there was no statistical difference in the BCVA improvement in both treatment arms at 24 months, consistent with the findings in the MUST trial. 15 Nevertheless, the findings of CME seemed to be inconsistent with the MUST trial. In this study, there was a statistically significant higher proportion of subjects treated with FAi with the reduction in CME. This difference could be attributed to the difference in the method of measurement of macular edema; MUST trial used the optical coherence tomography, whereas the trial by Pavesio et al 15 measured the area of CME using fluorescein angiography. As expected, a higher proportion of eyes with FAi developed cataracts and increased IOP at the end of the trial. There was also a higher incidence of hypotony in implanted eyes.
Callanan et al reported the results of a 3-year multicenter, randomized historically controlled trial of 0.59 mg FAi in 110 patients. 16 In this study, the FAi resulted in improved BCVA and significantly reduced uveitis recurrence. The use of the implant was associated with reduced dose of systemic medications. However, ocular adverse events, mainly increased IOP and cataract formation, were observed. There was also an increased incidence of hypotony in the implanted eyes as compared to the fellow eyes while retinal detachment occurred in 4% of the implanted eyes.
Bollinger et al evaluated the effect of FAi on IOP in a retrospective study of 47 eyes. 17 They reported that glaucoma surgery was required for 45% of the patients over the 8-year study period. Interestingly, there was no increase in the need for another IOP-lowering surgery following reimplantation in patients with previous IOP surgery secondary to raised IOP from the first implant. However, patients who experienced the need for glaucoma surgery after the first implant would be unlikely to choose reimplantation causing a bias in this 
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Tan et al observation. Furthermore, this was a retrospective study, which has inherent biases. Jaffe 18 performed a prospective interventional trial, as a continuum from the study by Callanan et al. 16 Reimplantation of FAi was effective in sustaining the control of intraocular inflammation and stabilization of BCVA of the eye in 17 eyes of 14 patients. None of the eyes developed recurrence of inflammation in the 52-week period after reimplantation. However, one patient developed recurrent iridocyclitis 34 months after the second implant and was treated with prednisolone and replacement of the second implant. It was possible to place the second implant at the original implant site, and no intraoperative complications were observed with the reimplantation. With regard to ocular adverse events as a result of the second implantation, the proportion of patients requiring IOP-lowering medications was similar to the proportion before reimplantation. Two patients had IOP 35 mmHg, but this was postulated to be due to noncompliance with IOP lowering medications. The risk of cataract formation after repeated implantations could not be evaluated, as all patients were either pseudophakic or aphakic at the time of reimplantation.
From the results of the studies, it is found that FAi does not seem to confer a substantial advantage in the improvement of BCVA but is advantageous in intraocular inflammation control. The use of the implant also allows for reduction in systemic medications. However, in patients with bilateral disease, the cost of bilateral FAi was greater than that of systemic corticosteroids. 19 Therefore, given that the FAi has minimal advantage in visual outcomes and avoidance of systemic side effects from systemic corticosteroids, with additional ocular adverse events such as raised IOP and cataract development coupled with increased cost for bilateral disease, alternate forms of treatment such as newer implants or systemic agents may be preferable as a first-line treatment in patients with bilateral NIU.
Dexamethasone implant
The 0.7 mg dexamethasone implant (Ozurdex ® ; Allergan Inc) is an FDA-approved biodegradable dexamethasone implant. The implantation of the dexamethasone implant can be performed as an outpatient procedure, and it maintains sustained release for up to 6 months.
2 Tables 9-12 provide the summary of studies regarding dexamethasone implant.
The HURON trial, a multicenter randomized controlled trial reported by Lowder et al evaluated the effect of 0.7 mg dexamethasone implant in 77 eyes over a period of 26 weeks in improving VH as the primary outcome. 20 There was a statistically significant improvement in BCVA in eyes implanted with 0.7 mg dexamethasone compared with the controls. The implant also proved its ability to control ocular inflammation as 47% of eyes achieved a VH score of 0 by the end of 8 weeks. A significant decrease in central macular thickness (CMT) from baseline was observed. Improvement in VH and BCVA were noted up to 26 weeks; however, 22% of patients required rescue medications. Of note, there was no statistically significant difference in the proportion of patients requiring rescue medications as compared to the control. As for adverse events, 23% patients with 0.7 mg dexamethasone implant required IOP-lowering medications. Cataract was observed in 15% of the phakic eyes treated with the implant compared with 7% of eyes in the control group, and only one eye required surgery. However, this difference was not statistically significant. Limitations of this study include a shorter follow-up period (6 months), and adverse effects such as cataract formation would not have been detected fully. Furthermore, the trial had no information regarding the efficacy of repeated implantation of 0.7 mg dexamethasone.
In a retrospective case series of 18 eyes, Khurana and Porco investigated the effect of 0.7 g dexamethasone implant on persistent uveitic CME. 21 BCVA improved in this retrospective study with a complete resolution of CME at 1 month. However, CME recurred at a median time interval of 201 days. Adverse events noted in the study included an increase in IOP in 11% of eyes (25 mmHg). However, IOP was controlled in all patients with medical therapy. The results from this study are largely consistent with another retrospective study by Lam et al, which studied 23 eyes with uveitic macular edema. 22 BCVA also improved with the reduction of the central retinal thickness (CRT). About 22% of uveitic eyes had an increase in IOP of 10 mmHg, but were all under control with medications. However, the incidence of cataract surgery seems to be higher in this study at 43.6% of phakic eyes. This could be due to the fact that there was variable follow-up time and lack of baseline lens opacity and that most patients have had other types of treatment such as IVTA administered prior to this trial. However, there is still an inconsistency as the study by Khurana and Porco 21 also consisted of patients with previous treatment using IVTA and other drugs; therefore, the difference could be because both the studies did not manage to measure the lens opacity at baseline, since they were retrospective studies.
A retrospective study by implants in the treatment of NIU in 38 eyes. 23 The study reported that BCVA and CRT improved within 1-2 months after each implantation, and the effect was sustained for about 6 months. Repeated implantations showed similar efficacy and resulted in a cumulative effect that allowed for continuous improvement of BCVA and CRT of the eyes. Following the first implantation of dexamethasone, systemic or local immunosuppressive therapy could be reduced or terminated in 87% of eyes. Cataract development was minimal in this study, in only 5% of phakic eyes after the first and third implantations. There were seven cases of increased IOP of 25 mmHg, three eyes after the first implantation and four eyes after the second. However, all were treated with medications with none requiring surgery. There was one case of migration of the implant into the anterior chamber.
A retrospective study of 20 eyes with intraocular inflammation, mostly secondary to NIU, implanted with bilateral dexamethasone implants by Ryder et al revealed that the bilateral implants appeared to be well-tolerated with no patients developing cataracts during their follow-up period. 24 However, similar to patients with unilateral dexamethasone implants, there was an elevation of IOP with 18.2% of eyes, requiring medications. Large-scale studies are required to establish the safety profile of bilateral dexamethasone implants.
In summary, based on the literature review, the studies showed that the dexamethasone implant improves BCVA and CMT as well as CME with a lower incidence of cataract formation and raised IOP compared with the FAi among patients with NIU. Repeated implants seem to work with the same efficacy with minimal additional side effects, and bilateral implants appear to be well-tolerated as well. However, common limitations in these trials except the HURON trial were that they were all retrospective studies with relatively smaller sample size. The HURON trial did not examine the long-term effects of the dexamethasone implant as well as the effect of repeated implantations.
Since both the FAi and dexamethasone implants are long-acting and avoid the systemic side effects of oral corticosteroids, Arcinue et al performed a retrospective study to compare the safety and efficacy of the two, which may help to 
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The 0.019 mg FAi (ILUVIEN ® ; Alimera Sciences Limited) was recently FDA-approved for the treatment of diabetic macular edema. The effect lasts for up to 36 months. 26 With its lower dosage than 0.59 mg FAi, the corticosteroid side effects are thought to be reduced with this implant. The phase III clinical trial for FAi in NIU is currently ongoing. 27 intravitreal antivascular endothelial growth factor: bevacizumab and ranibizumab
The vascular endothelial growth factor (VEGF) has been found to be a vital component in the pathogenesis of CME and CNV. Inhibition of VEGF with the anti-VEGF is therefore able to impair the angiogenic effects. It has been widely used in the treatment of CNV secondary to age-related macular degeneration and has also been used in other ocular arrive at a conclusion. 25 The main outcome evaluated in this study was the recurrence rate of uveitis following implantation. The FAi and dexamethasone implants showed relatively similar efficacy since there were no statistically significant differences with regard to their effect on BCVA and inflammation control. Recurrence rates were higher in the FAi group, but the difference was not statistically significant. The investigator postulated that this could be due to the increased severity of uveitis in the eyes implanted with FAi. Furthermore, it was more likely for a patient to have had a reimplantation of the dexamethasone implant given its designated functioning duration of 6 months, therefore decreasing the recurrence rate. Expanding on that point, as the duration of action of the Ozurdex is significantly shorter, it was five times more likely for eyes with dexamethasone implants to require a second implant. Expectedly, FA-implanted eyes had a statistically higher rate of requiring IOP-lowering medications or surgeries, and 4.7-fold increased risk in cataract formation was noted with FAis. Similar to other trials, this study had several limitations including retrospective nature, small sample size, and variable follow-up period. Therefore, the vasoproliferative conditions such as diabetic retinopathy. Since CNV is also a well-known sight-threatening complication of NIU, various studies have evaluated the efficacy and safety of intravitreal anti-VEGF in the treatment of CNV and CME secondary to NIU. [28] [29] [30] Some studies have also studied the use of intravitreal anti-VEGF in the treatment of CME. [31] [32] [33] Data from seven studies were gathered. All were retrospective case studies with the exception of one randomized controlled trial. Tables 13-16 provide the summary of these studies.
In a retrospective multicenter case study of 84 eyes receiving either 1.25 or 2.5 mg of intravitreal bevacizumab (IVB), Mansour et al reported that IVB resulted in significant visual improvement of 2.5 lines as well as decrease in CRT in a short term. 34 However, BVCA worsened in 10.7% of the eyes, but no possible reason was discussed. Macular hemorrhage occurred in one eye, but no other systemic or ocular adverse events occurred. As this was a multicenter retrospective study, the researchers were unmasked and the given doses of IVB were inconsistent.
Another retrospective study by Mansour et al focused on the long-term effects of IVB on 99 uveitic eyes with CNV refractory to systemic treatment and reported that IVB resulted in long-term significant improvement in mean BCVA and CRT with an average of 3.6 injections up to the follow-up period of 24 months. 35 The angiographic regression pattern correlated with the primary disease, and complete regression was associated with younger age. However, this correlation was not found with regard to the location of CNV or the concomitant intake of immunosuppressive therapy. Ocular adverse events were observed in this study: submacular fibrosis in three eyes, submacular hemorrhage in one eye, and mild ocular hypertension in another. Yet another retrospective study of 81 eyes by Mansour et al 34 showed the improvement of BCVA and CRT after the use of IVB with a median of three injections in 3 years. Adverse events observed were submacular fibrosis, retinal pigment epithelial tear, and macular ischemia in the context of vasculitis.
Also focusing on evaluating the long-term effects of IVB, a retrospective case series of 15 uveitic eyes with CNV refractory to systemic therapy over 17.6 months by Julián et al 29 reported that 1.25 mg/0.05 mL IVB resulted in a statistically significant improvement of BCVA and CRT in most of the eyes after the first month and at the fourth month. However, this effect was transient as BCVA and CRT in the later months did not show statistically significant difference. Notably, BCVA and CRT also worsened in a few eyes. Most of the eyes had more than one injection greater rise in IOP as opposed to IVB, which had minimal effect on IOP.
The results of these studies demonstrated that intravitreal anti-VEGF agents, in particular bevacizumab, resulted in improvement in BCVA and CRT. However, the effects tend to be short-lasting with a need for repeated injections. With regard to adverse events, submacular fibrosis appears to be related to the use of IVB. Side effects commonly seen in intravitreal corticosteroids were not evident with IVB. However, there was variation in the medication dosages in these studies. Furthermore, common limitations in these studies were that most of the participants were still on systemic therapy during the course of the study, and most of these studies were retrospective. Therefore, long-term and larger-scale randomized controlled trials are needed to establish the efficacy and duration of action as well as safety and side effect profile of intravitreal anti-VEGF agents in the treatment of NIU.
intravitreal methotrexate
In NIU, methotrexate is usually used for systemic immunosuppression. It is an anti-metabolite that is commonly used for the treatment of rheumatoid arthritis and cancer. Intravitreal methotrexate was first introduced for the treatment of intraocular lymphoma. Taylor et al investigated the use of intravitreal methotrexate in a pilot prospective interventional case series study and in a multicenter retrospective case series study. 37, 38 Tables 17-19 provide the summary of studies regarding intravitreal methotrexate.
In the pilot study of 15 eyes in 15 patients, Taylor et al reported that intravitreal methotrexate resulted in an improvement in BCVA and ocular inflammation as well as CRT with significant effects seen within 1 week except in two patients. 37 Systemic medications were also reduced in patients who responded. A relapse occurred in 30% of patients at a median time of 4 months. A repeat injection in these patients showed improvement within 2 months. Importantly, there were no instances of raised IOP following intravitreal methotrexate even though all patients had raised IOP secondary to corticosteroids (steroid responders). Corneal epitheliopathy occurred in one pseudophakic patient while opacification of lens occurred in another patient (although it was postulated to be unrelated to the methotrexate injection).
The multicenter retrospective case series study consisted of 38 uveitic eyes. 38 In this study, 79% of eyes responded to the intravitreal methotrexate with improved visual acuity, given with the mean number being 4.25 at a frequency of one every 12.97 weeks. No adverse ocular or systemic side effects were observed in this retrospective study. Largerscale studies were recommended to evaluate the correlation between the number of injections and the subgroups of uveitis. The discrepancy in the findings of this study and Mansour et al 34 with regard to the long-term effect of IVB could be due to the fact that the sample size is different and that the doses of IVB given were inconsistent between the two. Furthermore, their inclusion criteria differed slightly with Mansour et al's study including uveitic eyes with active inflammation.
The use of another anti-VEGF agent, ranibizumab in the treatment of inflammatory CNV was studied by Rouvas et al. 30 In this retrospective study of 16 eyes over a mean of 17.6 months, most patients had a significant improvement in BCVA with no patients showing deterioration following an injection of 0.5 mg ranibizumab. 30 There was also a significant decrease in CRT. Although all eyes demonstrated regression of CNV, 68.8% of eyes developed retinal pigment epithelial atrophy in the surrounding of the regressed CNV.
Several comparative studies were performed to study the efficacy and safety of IVB in comparison with IVTA in the treatment of uveitic macular edema. In a retrospective comparative study, Bae et al reported that both 1.25 mg IVB and 4 mg IVTA resulted in an improvement in BCVA and CRT, which peaked in week 4 but deteriorated thereafter. 36 The improvement in BCVA was greater in IVT, but the difference did not reach statistical significance. Of note, IVB resulted in a significantly larger gain in BCVA in Behçet's uveitis as compared with non-Behçet's uveitis; however, the exact details were not provided in the study. The median period of effect of the IVB was 16 weeks as compared with 30 weeks for IVTA. With regard to side effects, an increase in IOP 5 mmHg was observed five times more frequently in eyes treated with IVTA. However, this was a retrospective comparative study that had a small sample size and short duration of study.
Rahimi et al also compared 1.25 mg IVB and 4 mg IVTA on their effect on uveitic CME that was not responding to topical corticosteroids in a randomized comparative trial. 32 Both IVB and IVTA resulted in improvements in BCVA that peaked at 6 months with no statistically significant difference between the two. Both the drugs also resulted in a statistically significant decrease in CRT; however, IVTA was significantly better than IVB in this aspect. 
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intravitreal drugs for uveitis ocular inflammation, and macular thickness, which was consistent with the pilot study, and 27% of the eyes responded to intravitreal methotrexate relapsed after a median period of 3 months. However, a larger proportion of eyes entered an extended period of remission with no relapses throughout the period of follow-up. Taylor et al 38 estimate the time of relapse for these eyes to be 17 months on the basis of the Kaplan-Meier estimate. Similar to the pilot study, 57% of patients, who were on systemic therapy, were able to reduce their doses. Regarding adverse effects, only one eye had an increased IOP of 25 mmHg, which was controlled with medications. No other ocular or systemic adverse events were recorded. However, short-term adverse events might not have been recorded, and this is a limitation of the retrospective study.
Intravitreal methotrexate appears to be a promising alternative to IVTA in unilateral diseases especially in phakic, steroid responders due to lower risk of increasing IOP and cataract formation. The extended remission effect by methotrexate in some patients should be explored in future studies. Thus far, studies have shown that intra vitreal methotrexate alone may not be adequate to achieve remission in various uveitic entities and may be used as an adjunct with other forms of therapy. It is imperative to monitor the development of adverse events such as corneal decompensation, which may require treatment with topical folinic acid. Larger-scale and randomized controlled trials are definitely required for the establishment of efficacy and safety profile of intravitreal methotrexate. Contraindications to systemic methotrexate should also be observed.
intravitreal sirolimus
Sirolimus, previously known as rapamycin, is one of the latest drugs in the spotlight for intravitreal treatment of NIU. It is a macrolide antibiotic, which is a potent immunosuppressant, and has antiproliferative properties. Tables 20-23 provide the summary of studies regarding intravitreal sirolimus.
In 2003, the Sirolimus as a therapeutic Approach uVEitis (SAVE) study, a 12-month study of 30 patients, was initiated to evaluate the efficacy of intravitreal and subconjuctival sirolimus. 39 The results of the 6-month interim analysis were reported by Nguyen et al. 39 Sirolimus appeared to be well-tolerated in both the administration routes with improved inflammation and no ocular adverse events. Approximately 40% of eyes with active uveitis had improvement in inflammation with two or more steps difference in VH while 60% remained at baseline or had one-step improvement. However, some eyes did not have the potential to improve two steps, so the results may be skewed. Regarding its effects on visual acuity, improvement in BCVA was only seen in one-third of the patients with the rest maintaining stability and 20% had deterioration. This was attributed to the high baseline BCVA, with lower likelihood of improvement. Initial but nonsustained improvement in CRT was seen in some of the patients. Ibrahim et al 39 reported the 1 year results of the SAVE study. A total number of 70 intravitreal sirolimus injections were administered to the 14 study eyes. Again, sirolimus, regardless of administration route, showed efficacy in reducing intraocular inflammation. At the end of 1 year, 70% of eyes with active uveitis showed a statistically significant reduction in two steps or more of VH. In patients with inactive uveitis, 88% of eyes showed no change or one-step decrease in VH, whereas 12% had a one-step increase. However, these changes in the eyes with inactive uveitis were not statistically significant. There was no statistically significant improvement in mean BCVA or change in CRT. Sirolimus appeared to be well-tolerated with repeated administration as well.
In 2015, the SAVE-2 study was initiated. This was a randomized comparative trial that compared, in 25 uveitic eyes, the effect of 440 µg administered monthly as opposed to 880 µg of intravitreal sirolimus administered every 2 months. The 6-month interim results as reported by Sepah et al were that low-dose sirolimus (440 µg) appeared to have an advantage in reducing uveitic macular edema. 40 However, both the doses seemed to be equally efficacious in the reduction of VH. Results of the SAVE-2 study are awaited.
In addition, there are ongoing multicenter, randomized, double-masked Phase III studies (SAKURA study), which are investigating the efficacy and tolerability of three doses of intravitreal sirolimus: 44 µg, 440 µg, and 880 µg administered every 2 months in the management of NIU in 347 patients. 41 Srivastava et al 42 presented the data for the primary endpoint of this study: the percentage of eyes with a VH score of 0 at month 5. It was reported that 440 µg sirolimus was found to be significantly better than the other doses in achieving the primary endpoint, with 22.8% of eyes in the therapeutic arm achieving a VH score of 0 as compared with 10.3% in the 44 µg arm and 16.6% in the 880 µg arm. The 440 µg sirolimus was also significantly superior in achieving the secondary endpoint: VH score of 0 or 0.5+ was achieved in 52.6% of patients in the 440 µg arm as compared with 43 there was one case of culture-negative endophthalmitis in the 440 µg arm and noninfectious endophthalmitis in 0.9% of patients in the 440 µg arm and 3.4% of patients in the 880 µg arm. There were also single cases of raised IOP, glaucoma, and cataract formation in the 44 µg and 440 µg arms. 42 In summary, based on the published literature, sirolimus appears to be effective in controlling intraocular inflammation and is well-tolerated regardless of the administration route. However, no significant effects were shown in improving BCVA or CMT. The results of currently ongoing studies may help us to establish the efficacy and side effect profile of intravitreal sirolimus.
intravitreal anti-tumor necrosis factor: infliximab
Infliximab, an anti-tumor necrosis factor agent, is a chimeric monoclonal antibody biologic drug usually used systemically for the treatment of autoimmune diseases. Administering infliximab intravitreally eliminates the systemic side effects of the drug, which is ideal. These side effects include congestive heart failure, reactivation of latent tuberculosis, and increased risk Limited trials are available for the use of intravitreal infliximab in NIU. To the best of our knowledge, there is only one study that fits our inclusion criteria. Markomichelakis et al performed a prospective, noncomparative interventional pilot study on the effect of intravitreal infliximab in the treatment of sight-threatening relapsing uveitis in Behçet's disease of 15 eyes. 44 The study observed the effects of 1 mg/0.05 mL of infliximab up to 30 days posttreatment. Significant improvement in BCVA was noted by day 7 and was sustained until day 30. A decrease in intraocular inflammation and improvement in retinal vasculitis was maintained until day 30. However, even though there was a decrease in mean CMT, persistent CME was noted in 80% of the eyes. There were no statistically significant differences between the results of those with and without baseline systemic immunosuppressants. No ocular or systemic side effects were observed during the course of 30 days; however, the study did not evaluate the possibility of retinal toxicity and autoantibodies that may have formed as a response to intravitreal infliximab. This potential immunogenic and retinotoxic effect was previously reported in a study on low-dose (0.05 mg) intravitreal administration of infliximab in eyes with age-related macular degeneration and CNV. 45 Furthermore, as the follow-up was only for 30 days, the long-term effects of intravitreal infliximab and the effects of repeated injections are not known. The small sample size was also a limitation.
Markomichelakis et al also noted that based on a similar study performed by their group regarding the effect of intravenous administration of infliximab, the intravenous route seemed to have a significantly faster effect as compared with the intravitreal route. 46 This was postulated to be due to the systemic nature of Behçet's disease. Therefore, it was recommended that intravitreal injections be considered only when there are systemic side effects or contraindications to the intravenous route. Due to various factors related to intravitreal infliximab such as retinotoxicity, there has been less enthusiasm to pursue this agent using the intravitreal route for NIU. Large-scale and long-term studies are required to establish the safety and efficacy profile of these drugs. It is also important to recognize that drugs that are deemed tolerable via systemic administration may not be well-tolerated intravitreally.
intravitreal nonsteroidal antiinflammatory drugs
Nonsteroidal anti-inflammatory drugs are commonly used systemically for their analgesic and also anti-inflammatory effects. 47 Furthermore, the risks of cataract formation or increased IOP are not known. Therefore, the ability of the intravitreal injections to deliver the drug at potentially 
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Tan et al efficacious levels straight to the posterior segment without the side effects of lens opacification and increased IOP is a favorable prospect. However, to the best of our knowledge, there has been only one trial performed with regard to the use of intravitreal nonsteroidal anti-inflammatory drugs in NIU that fulfills our inclusion criteria. A pilot randomized comparative clinical trial by Soheilian et al compared the efficacy and safety of 500 mg/0.1 mL of intravitreal diclofenac (IVD) as opposed to 2 mg of IVTA in the treatment of CME in 15 uveitic eyes. 48 Both IVD and IVTA showed improvement in BCVA and CMT; however, the improvement in eyes treated with IVTA was statistically significant, whereas the improvement in eyes treated with IVD was not statistically significant. However, there were no statistically significant differences when comparing the mean BCVA and CMT values of the two. The only adverse effect observed in this study was cataract formation; 12.5% in IVD and 28.5% in IVT. This did not reach statistical significance. From this study, it appears that IVD is not as effective as IVTA in the treatment of uveitic CME. However, IVD may still have the potential of being an alternative to IVTA in steroid responders.
Emerging drug therapies
The use of gene therapy in the treatment of NIU is an exciting prospect. Intravitreal delivery of adeno-associated viral vectors coupled with genes can be used as antiinflammatory proteins. Some of these agents are AAV-TatNrf2mer, AAV2/2-tetON-vIL-10, AAV-CARD, and AAV-sGFP-TatM013. These agents have been shown to have anti-inflammatory effects in the eyes of mice. [49] [50] [51] [52] Therefore, this could be potentially useful in NIU given that inflammation is the primary pathology.
New-generation calcineurin inhibitor, voclosporin showed a potential reduction in the VH in 50% of patients along with the reduction in the oral prednisolone therapy. However, the phase III study did not show a significant difference between the placebo and disease groups. 53, 54 The possible reason could be due to the oral route of administration; therefore, it will be worthwhile to study the efficacy after local ocular administration. In line, there are several monoclonal antibodies such as secukinumab, gevokizumab, taclizumab, sarilumab, ESBA 105, rituximab, daclizumab, alemtuzumab, adalimumab, abatacept, etanercept, and rilonacept that are under various phase trials for treating uveitis. 54 Another interesting prospect would be the advancement of drug delivery methods for the treatment of retinal diseases such as suprachoroidal drug delivery methods.
Delivering drugs through the suprachoroidal space (such as triamcinolone acetonide) potentially allows for an increased amount of drugs to bypass the sclera and diffuse into the posterior segment without the risk that comes with intraocular injections. 55 
Conclusion
Intravitreal injections are an effective alternative to systemic medications as they are able to avoid systemic side effects but achieve a therapeutic dose in the vitreous. As covered in the review, there are a multitude of different drugs that can be used intravitreally for the treatment of NIU. However, it is difficult to compare the drugs with a lack of comparative studies. Furthermore, each drug appears to be advantageous in targeting certain sequelae or complications of NIU. Therefore, the use of the intravitreal drug should be largely customized to each individual patient with the calculation of risk/benefit ratio when deciding between various intravitreal, systemic, and local therapies. Ideally, we would have liked to evaluate the cost-effectiveness of each drug, as we believe that it is an important factor in the decision-making process.
Finally, systemic treatment still has an important role in treating NIU associated with systemic conditions such as sarcoidosis, autoimmune disease, and Behçet's disease and also for most cases of bilateral, symmetric, disease.
